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One of the central mysteries in physics is why the cosmological constant vanishes 
without observable supersymmetric bose-fermi degeneracy. Recently [|IJ, it was pointed 
out that in 2 + 1 dimensions the problem can be more or less addressed as follows. Un- 
broken supersymmetry can lead to natural vanishing of the cosmological constant in 2 + 1 
dimensions (or any dimension), under certain conditions. On the other hand, in 2 + 1 
dimensions, unbroken supersymmetry does not lead to bose-fermi degeneracy. The reason 
for the latter statement is that in 2 + 1 dimensions, any non-zero mass creates a conical 
structure at infinity, which prevents one from defining global conserved supercharges. (In 
some cases with N > 1 supersymmetry in three dimensions one finds || that some global 
supercharges can be defined for certain soliton states, but not enough to imply bose-fermi 
degeneracy.) 

This scenario has two fairly obvious flaws: 

(1) It uses facts that are very special to three dimensions. 

(2) Even in three dimensions, the mass splittings produced this way are suppressed 
by powers of Newton's constant if (as in the real four-dimensional world) gravity is weakly 
coupled and one considers particles with mass far below the Planck mass. 

In this paper, I will make an attempt to improve the scenario, using a recent observa- 
tion that a o?-dimensional theory can become d + 1-dimensional in a strong coupling limit 
0. As a bonus, the scenario will also suggest a possible way to eliminate the massless 
dilaton from the string theory spectrum (avoiding contradictions with tests of general rel- 
ativity) without the gymnastics involved in trying to generate a non-trivial, stable dilaton 
potential. The scenario is based on optimistic extrapolations of recent experience about 
string theory duality, and is unlikely to be precisely correct in its present form. 

Before launching into the discussion, let us recall the strong coupling behavior argued 
in for Type IIA superstrings in ten dimensions and for the heterotic string toroidally 
compactified to five dimensions. In each of those cases, when the string coupling A is 
large one gets an effective description of the <i-dimensional theory as a d + 1-dimensional 
theory on R d x S 1 , with the radius of the S 1 being a positive power of A. The limit 
A — > c», if it exists, should therefore be a Poincare invariant d + 1-dimensional theory. 
For five-dimensional heterotic strings, the limit exists and is the Type IIB theory in six 
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dimensions (which incidentally is chiral even though it arises as a strong coupling limit of 
a non-chiral theory in five dimensions). For the Type IIA theory in ten dimensions, we do 
not know if the large A limit exists; if it does it would be a new quantum theory - perhaps 
related to supermembranes - with eleven-dimensional supergravity as its low energy limit. 
In any case, whenever we manage to take the large A limit, the original dilaton disappears 
- having been fixed at +00 to get a Poincare invariant theory in d+ 1 dimensions. For the 
five-dimensional heterotic string, but not for the ten-dimensional Type IIA theory, there 
is an additional scalar that behaves as a dilaton in the d + 1-dimensional world; that is 
perhaps the main reason that the five-dimensional case is better understood. 

Now let us return to our problem. We begin in three dimensions with a string vacuum 
with unbroken supersymmetry, a dilaton 0, and a string coupling constant A = e^. We 
suppose that the theory has a sufficient amount of supersymmetry or suitable discrete 
symmetries so that unbroken supersymmetry is stable. (For instance, this will be the case 
in an A = 1 theory with a discrete CP symmetry - likely in the scenario below because it 
comes from CPT in four dimensions - if all massless chiral superfields are CP even. That 
is because the superpotential is CP odd for N = 1 theories in 2 + 1 dimensions.) 

For small A, string perturbation theory is good and the cosmological constant is zero 
because of unbroken supersymmetry. Bosons and fermions are not degenerate, but their 
mass splittings are very tiny. As A increases, the bose-fermi splittings become large, but 
the cosmological constant remains zero because of supersymmetry. 

Now what happens for A — > 00? We assume that as in the five- and ten-dimensional 
examples cited above, the large A limit of the three-dimensional theory is a Poincare invari- 
ant theory in four dimensions. The cosmological constant is zero in this four-dimensional 
theory since it is in fact identically zero for all A. The bose-fermi mass splittings were 
non-zero for all finite A so hopefully they remain non-zero for A — > 00. (This claim is 
not as innocent as it may sound since on R 3 x S 1 there appear to be light states as the 
radius of the S 1 goes to infinity. One of the key points is really to find a situation in which 
the claim holds.) Finally, the three-dimensional dilaton disappears when we take A — > 00, 
as was explained above, so if (as in the Type IIA theory in ten dimensions) there is no 
additional field with the right properties to take its place, the problem of the dilaton is 
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solved. 

If this scenario is valid, the three-dimensional description of nature has the virtue of 
explaining the vanishing of the cosmo logical constant, but (since the real world is infinitely 
strongly coupled from the three-dimensional point of view) it may have little value for 
explaining anything else in nature. To get some predictive power concerning the rest 
of physics, one would need a dual description of the real world, or perhaps several dual 
descriptions, that might explain some phenomena while perhaps leaving the cosmological 
constant as a mystery. 

It has been suggested (by C. Vafa) that the three-dimensional theory entering the 
above scenario may be the one required in proposals for a holographic theory of the universe 
i- 
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